By working with builder partners on test homes, researchers from the U.S. Department of Energy's Building America program can vet whole-house building strategies and avoid potential unintended consequences of implementing untested solution packages on a production scale. To support this research, Building America team Consortium for Advanced Residential Buildings (CARB) partnered with Preferred Builders Inc. on a high-performance test home in Old Greenwich, Connecticut. The philosophy and science behind the 2,700 ft 2 "Performance House" was based on the premise that homes should be safe, healthy, comfortable, durable, efficient, and adaptable to the needs of homeowners. The technologies and strategies used in the "Performance House" were best practices rather than cutting edge, with a focus on simplicity in construction, maintenance, and operation. Achieving 30% source energy savings compared with a home built to the 2009 International Energy Conservation Code in the cold climate zone requires that nearly all components and systems be optimized. Careful planning and design are critical.
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The end result was a DOE Challenge Home that achieved a Home Energy Rating System (HERS) Index Score of 20 (43 without photovoltaics [PV] ). To help builders and architects match the performance of this home, a step-by-step guide through the building shell components is provided in the technical report associated with this project.
For this home, achieving 30% source energy savings while maintaining traditional systems required pushing to the point of diminishing returns on investment (based solely on the annualized energy related costs) at current market costs. The largest cost impediment was related to the light-emitting diode (LED) lighting. Of course, this cost analysis doesn't account for the numerous ancillary benefits (indoor environmental quality, comfort, durability, etc.) of this solutions package. 
Lessons Learned
• A successful project requires that an integrated project team including the builder, architect, heating, ventilating, and air-conditioning (HVAC) contractor, third-party verifier, and owner work through design challenges before building.
• Exterior insulation was limited to 1.5 in. of extruded polystyrene so that finishing details around windows and doors met manufacturers' guidelines and avoided cladding warranty issues (several major manufacturer installation guidelines limit thickness of exterior insulation under cladding to 1.5 in. unless furring strips are used).
• Care must be taken during the design and commissioning process to ensure that hydrocoil return water temperatures to the boiler are less than 130°F (low enough to promote condensation of combustion vapors) in order to achieve high system efficiencies.
• During one of the inspections, the builder noticed some shrinkage of the closed cell spray foam in the rim/band joist area of the foundation wall. It is theorized that there was moisture on the foundation shelf. Water can react with the blowing agent to form carbon dioxide (CO 2 ), which may have pushed the foam off the surface as it was setting up. 
